Background: This study investigated the extent of traditional knowledge and use of homemade herbal remedies for livestock by farmers in 3 Swiss cantons (Aargau, Zurich, Schaffhausen). The study focused on organic farms. Methods: At 21 farms, 24 farmers aged 36-83 years were interviewed with a semi-structured, detailed questionnaire. For each homemade herbal remedy, the plant species, mode of preparation, source of knowledge, and application were gathered. Satisfaction of the farmers with the application was estimated with the aid of a visual analogue scale. Results: Information on a total of 165 homemade remedies was collected of which 123 contained a single plant species only (homemade mono-species herbal remedies, HMHR). The 123 HMHR were selected for this paper. They corresponded to 150 different applications and originated from 43 plant species from 30 families. Plants belonging to the families of Asteraceae, Lamiaceae, and Apiaceae were used most frequently. The single most applied species were Matricaria recutita L., Calendula officinalis L., Symphytum officinale L., and Coffea arabica L. For each formulation, 1-4 different applications were mentioned, most of them for cattle. The main applications are related to a) skin alterations and sores, b) gastrointestinal and metabolic diseases as well as c) infertility and diseases of the female genitalia. Approximately half of the applications were used during the last 12 months prior to the interview. Conclusion: This study shows that HMHR are used by Swiss farmers for the treatment of different livestock diseases. In general, the farmers were satisfied with the outcome of the applications. 
Introduction
Ethnoveterinary research is defined as 'the systematic investigation and application of folk veterinary knowledge, theory and practice' [1] . The World Health Organisation defines the use of traditional medicine as 'the sum total of knowledge, skills and practices based on the theories, beliefs and experiences indigenous to different cultures that are used to maintain health, as well as to prevent, diagnose, improve or treat physical and mental illnesses' [2] . In former times, knowledge on medicinal plants was passed down from generation to generation. In modern societies such as those of Western Europe, traditional knowledge is in danger of disappearing [3] . Most ethnoveterinary surveys on the preparation and utilization of herbal remedies have been conducted in Africa, Asia, and Latin America [4] . In these countries, access to conventional drugs is more difficult, and they are hence dependent on the use of homemade preparations [5] . Nonetheless, in Europe, particularly in Mediterranean regions and in specific areas of Austria, surveys on the usage of traditional medicinal plants to treat livestock have been conducted [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . However, in Switzerland, no comparative surveys regarding the use of homemade herbal remedies by Swiss farmers have been carried out, except for 1 survey in Safiental, a region of the Canton Graubünden with approximately 1,000 inhabitants [16] .
The European Council Regulations on Organic Farming (nos. 834/2007 and 889/2008) and the Swiss Regulation of Organic Agriculture require a preference to veterinary complementary medicine, such as the use of phytotherapeutic products, for the treatment of livestock diseases. Chemically synthesized allopathic veterinary medicinal products including antibiotics should only be used under strict conditions [17, 18] . However, the required treatment of certain animal species with veterinary complementary medicines is hampered by for example the limited number of such substances commercially available and registered in the Swiss 'Tierarzneimittelkompendium' (veterinary formulary) [19] . Therefore, organic farmers in particular use homemade herbal remedies to treat their animals, which are often based on traditional formulations handed down over generations.
There is an increasing consumers' demand for high-quality animal food products with no or limited use of pharmaceuticals produced on a chemical or biotechnological basis [4] .
The aim of this paper is to analyze the current knowledge and usage of medicinal plants by farmers in the 3 Swiss cantons of Aargau, Zurich, and Schaffhausen with the main focus on organic farms. We want to compare our results with ethnoveterinary literature from Europe to differentiate between regional specialities and supraregional equalities, as well as with the pharmacological literature, gaining a first impression of the potential efficacy of homemade herbal remedies. 
piperascens).
Besides the 6 directly used commercial products (4.8%), in 35 HMHR (28.5%) fresh or dried plant parts were directly used without further formulation or extraction. As solvent for extraction, water was used in 52 HMHR (42.3%), mainly for external or oral administration. These aqueous extractions were mainly (45 HMHR) infusions, and in 7 HMHR decoctions. Extraction with alcohol (schnapps) at room temperature was used in 14 HMHR (11.4%). The used schnapps contained between 40 and 90% ethanol. Further extraction with oil or fat at room temperature was reported in 8 HMHR (6.5%), and extraction with lipids at elevated temperature was described in 7 HMHR (5.7%). 1 HMHR was extracted with cider vinegar (0.8%) (table 1). A total of 12 ointments were prepared from 5 fresh or dried medicinal plant species. Beeswax was used as ointment base in 8 cases, whereas in 4 formulations the ointment base served directly as extractant.
Applications of the 123 HMHR
A total of 150 applications were named for the 123 HMHR. The main areas of application were 1) skin alteration and sores, 2) gastrointestinal diseases and metabolic dysfunction, 3) infertility and diseases of the female genitalia, 4) mastitis, 5) internal injuries, and 6) respiratory tract diseases (table  2) . The most frequently named plant for the treatment of skin alterations and sores was Matricaria recutita L. (18 applications), followed by Calendula officinalis L. (9 applications) and Rhamnus catharticus L. (7 applications) . For the treatment of gastrointestinal diseases and metabolic dysfuncapplied by the farmers, containing either pre-coded or free answer possibilities. All data was subsequently entered into a Microsoft Access database [23] .
Remedies and Applications
The German name of the plant was asked and, if necessary, pictures or books were used to define the botanical name. Information on the manufacturing process of the homemade herbal remedies was gathered, including the extraction process and the type of ointment. The manufacturing processes were not witnessed personally. The application of every remedy was asked. The respondent could give a free answer which was coded in categories of use. Route and frequency of administration and duration of the therapy were further registered issues. Daily dosages of oral administrations were determined by weighing the medicinal plants on site. If this was not possible, the weight of daily dosages was estimated by assessment of the administered volume of a herb and subsequent weighing, or by personal assessments by the farmers. The daily dosage was calculated for all medicinal plants for which more than 2 applications for oral administration were reported. To achieve a common basis for comparison between different species including humans, daily dosages were normalized by taking into account the different weight of the species by conversion of all dosages in dosage per kilogram metabolic body weight (MBW = body weight 0.75 ) [24] according to the following formula: [25] . In this study, this refers always to the farmer who mentioned the formulation with the corresponding application, and was estimated by the farmer when a homemade herbal remedy had been used twice or more. Respondents could decide on a scale of 100 mm between the endpoints 'no effect' (0 mm) and 'very good effect' (100 mm). For each category of use, the arithmetic mean and standard error of the VAS values were determined.
Results
In total, 165 homemade remedies were mentioned and described by the interview partners. This number includes 123 homemade mono-species herbal remedies (HMHR) with only 1 plant species each with or without extraction, 11 homemade composed herbal remedies with a maximum of 12 plant species, and 31 homemade remedies without plant species but containing 1 or more natural products such as curds, honey, vinegar, salt, or cod liver oil. The interview partners characterized between 2 and 14 homemade remedies per farm (mean 7.9 ± 3.2) and mentioned between 1 and 4 different applications for each homemade remedy (mean 1.2 ± 0.5). The homemade herbal remedies included a total of 65 plant species belonging to 42 families. Malvaceae (2) all ( 1), e.g. for the treatment of diarrhea, stomach trouble, indigestion, cough, pneumonia, or uterine inflammation. For oral administration, the plant was often applied directly or as an extract made with water or alcohol. Orally administrated HMHR were either added to the feedstuff or applied by enforced administration. External administration on altered and sore skin, claws, hooves, and eyes was used in 44 applications (29.3%). For treatment of wounds, farmers used HMHR as baths, washes or compresses, or simply as a direct application of the oil or ointment to the lesion. For treatment of irritated eyes, the respondents used washouts with water extractions. Administration on intact skin was reported in 25 applications (16.7%) to treat internal injuries like pulled or hardened muscles, contusions, sprains, and swellings, or as repeller against ectoparasites. Usually, the farmers rubbed oil or ointment formulation on the affected body parts. 3 applications were intrauterine administrations, either to prevent inflammation or for cleaning the uterus after calving. 2 applications were used for inhalation (table 2) . A special administration is linked to the use of Rhamnus catharticus L. to treat cattle ringworm. The twigs were not administered or applied onto the animals but were hung up in the stable for 8 weeks up to 1 year. In 4 applications, the farmers used Rhamnus catharticus L. therapeutically and in 3 applications prophylactically (table 2). The applications were used in 72 cases (48.0%) during the last 12 months and in 15 cases (10.0%) in the last few days preceding the interviews. The HMHR were used in pure form in most applications. 52 applications (34.7%) were used in combination with other homemade or homeopathic remedies. The use of 25 applications (16.7%) was, in the case of aggravation, combined with veterinary treatments, mainly for rehydration during diarrhea therapy. More than half of the applications were employed by the respondents more than 10 times (83 applications, 55.3%), 51 applications between 2 and 10 times (34.0%), and 16 applications less than 2 times (10.7%). The knowledge on the use of these applications was obtained from the forefathers (57 applications, 38.0%), books (29 applications, 19.3%), own experience (20 applications, 13.3%), friends (14 applications, 9.3%), and other sources such as newspapers (30 applications, 20.0%). With the help of a VAS, the degree of satisfaction with the 123 applications in which the HMHR were applied 2 or more times was evaluated for the pure use. Overall, the farmers were satisfied with the efficacy of their plant preparations ( fig. 1 [28] calf ( Schmid/Ivemeyer/Vogl/Klarer/Meier/ Hamburger/Walkenhorst bica L. In Austria as well as in Swiss Safiental, Arnica montana L. was more often used than in our study. This may be ascribed to the fact that these surveys focused on the alpine regions where Arnica grows naturally and thus is known better to local farmers [6, 9, 11, 16] . In Austria and Switzerland, the most widely used herbal drugs were employed for similar indications. In our survey, we recorded more frequent usage of fruits from the family of Apiaceae, such as cumin and caraway, for treating gastrointestinal disorders than reported in the Austrian studies [6, 9, [11] [12] [13] . The 8 most relevant medicinal plants which were used for more than 4 homemade herbal remedies each are briefly discussed in the following with a focus on categories of use and dosage in the case of orally administrated applications.
Chamomile Flowerheads (Matricaria recutita L., Matricariae flos) Chamomile was administered internally and externally and used to treat gastrointestinal diseases and skin alterations and sores. These findings are in line with ethnoveterinary studies in Swiss Safiental, Austria, and Western Spain [6, 7, 9, [11] [12] [13] 16] . However, use of chamomile was not documented in surveys in Catalonia and Tuscany [8, 26] . The treatment of gastrointestinal disorders, metabolic dysfunctions, and skin alterations and sores is also described in veterinary medicine [27] , and is supported by in vitro and in vivo pharmacological studies on major constituents [28] and chamomile extracts [29, 30] . Dosages described for oral administration were, on average, comparable to recommendations for veterinary use [27] , and in the range of human doses (table 3) [28] . Kamillosan was the only commercial chamomile product that was used as ingredient in several formulations. It is also used by the Department for Livestock of the Veterinary Clinic Zurich for the treatment of sores and in inhalations against pneumonia (table 3) (Prof. Dr. Ueli Braun, Zurich, Personal Communication) .
Thyme (Thymus vulgaris L., Thymi herba)
Thyme was used by the interviewed farmers to treat ailments of the respiratory tract, gastrointestinal disorders, and metabolic dysfunctions. Farmers in Catalonia use a herbal tea from thyme for treating diarrhoea in calves [8] whereas in Swiss Safiental it is mainly used to treat respiratory tract diseases and to prepare udder ointments [16] . In contrast, no use of thyme has been documented in Austria [6, 9, 11, 13] . In veterinary medicine, thyme preparations are recommended for gastrointestinal diseases, metabolic dysfunctions, and respiratory tract disorders [27] . Thymol and carvacrol are the major constituents of the essential oil [28, 29] ; the bronchodilating properties have been demonstrated with isolated tracheas of guinea pigs [31] . 2 of the 3 daily oral doses recorded in our survey were in the recommended range for oral administrations for humans and animals (table 3) [27, 28] , 1 dosage was 20 times higher.
Discussion
The present study was the first survey on the knowledge and use of homemade herbal remedies by farmers in the Northern part of Switzerland. Organic farms were chosen as focus group because we supposed that these farms may need to be knowledgeable about herbal remedies which is the required treatment method according to the Swiss Organic Regulation [18] . The farms producing according to integrated production, which were obtained by the snowball sampling method, [21] also feature traditional knowledge although the results cannot be considered as representative. However, the chosen sampling method is common in studies gathering information on traditional knowledge [6, 9, [11] [12] [13] 16] . The farmers used homemade herbal remedies as first measure to treat mild or moderate diseases. The dosages assessed in the interviews have to be considered as approximations. However, this enabled us to compare them with dose recommendations in the literature (table 3) . Such comparisons have not been reported in similar surveys from other European countries [9] [10] [11] [12] [13] [14] [15] [16] . The range of reported dosages was wide. This may be explained by the high therapeutic index of most herbal drugs. The success estimations on VAS by the interviewed farmers was certainly subjective, but was a general indicator for their degree of satisfaction with the results of their treatments. The majority of documented applications were for cattle. This can be attributed to the fact that 95% of the participating farms kept dairy or suckler cows. In the organic farms of the investigated area, cattle were the most important farm animal species [20] . In the 3 investigated cantons, as well as in different Austrian regions and in Swiss Safiental, the farmers most frequently used Matricaria recutita L., Calendula officinalis L., and Coffea ara- by-product. Coffee extract can be used to alleviate mental and physical fatigue [34] . In a randomized placebo-controlled, double-blind study, a subcutaneous injection of 10 ml coffee preparation accelerated recovery from diarrhea in 30% of newborn calves (table 3) [35] . For all coffee preparations, the dosages administered by the farmers were higher than used in the placebo-controlled study, probably due to the different routes of administration [35] .
Marigold Flowers (Calendula officinalis L., Calendulae flos) Ointments, tinctures, and infusions prepared from marigold flowers were used to treat wounds and teat lesions. These administrations were also documented in Austria and Swiss Safiental; marigold infusions were also given to treat indigestion [11, 16] . The antibacterial, antifungal, immunostimulant, and wound healing properties of marigold are exploited in veterinary medicine in the topical treatment of lacerations, contusions, and slow-healing wounds [27] .
Comfrey (Symphytum officinale L., Symphyti radix, Symphyti herba)
The farmers prepared ointments and tinctures from comfrey roots, or used the leaves directly to treat sprains, contusions, swollen joints, or indigestion. Comparable results were found in Swiss Safiental [16] . No usage of comfrey has been documented in Austria [6, 9, 11] . In veterinary medicine, comfrey is used in topical application to treat contusions, sprains, and pulled muscles [27] . Allantoine and hydroxycinnamic acid derivatives are considered to be responsible for the analgesic, antiphlogistic properties of comfrey [29] .
Common Buckthorn (Rhamnus catharticus L.)
The farmers used branches of Rhamnus catharticus L. against cattle ringworm. This kind of treatment has only been documented in Switzerland. Despite lacking scientific data and the fact that the herbs were not administered or applied to the animals but hung up in the stable, this type of use seems to be common, and the farmers were highly satisfied with the results of the treatment.
Conclusion
The investigated farmers in the Northern part of Switzerland administered a variety of homemade herbal remedies mainly based on plants from the families of Asteraceae, Lamiaceae, and Apiaceae. With few exceptions, categories of use and dosages were comparable with the available literature. In general, the farmers were satisfied with the outcome of the applications. Further studies in other regions of Europe should be carried out to get a closer view on traditional knowledge and use of homemade herbal remedies.
Linseed (Linum usitatissimum L., Lini semen)
Linseed was administered orally for gastrointestinal disorders, as reported also from Austria and Italy [6, 9, 11, 26] . In addition, farmers in our study used linseed as a poultice for internal injuries. Similar use has been documented in several regions of Austria [9, 13] . Linseed contains mucilaginous polysaccharides which produce a protective and soothing layer on skin and mucous membranes. In veterinary medicine, linseed is used as a mild laxative given either as mucilage or as whole seeds [27] . The dosages administered by the interviewed farmers corresponded with the recommended dosage per kilogram MBW for animals and humans (table 3 ) [27, 28] .
Caraway (Carum carvi L., Carvi fructus)
Caraway was orally administered to treat gastrointestinal disorders and metabolic dysfunctions. No usage of caraway fruit has been documented in surveys conducted in Austria, Italy, and Spain [6-9, 11, 13] but some applications are documented for Swiss Safiental [16] . Veterinary medicine recommends caraway in disorders of the gastrointestinal tract [27] . The essential oil facilitates digestion and has antibacterial and antimycotic properties [32] . Extracts have been shown to exert a spasmolytic effect on smooth muscle cells of guinea pigs [33] . On average, the dosages used by the interviewed farmers were comparatively high (table 3) [27, 28] .
Stinging Nettle Herb (Urtica dioica L., Urticae herba)
Stinging nettle was administered as a restorative remedy and was the only herbal drug applied to treat 4 different animal species. In Tuscany, Catalonia, and Northwest Spain, as well as in Swiss Safiental, stinging nettle is reportedly used as restorative remedy and as an anti-inflammatory [7, 8, 26] . No usage of stinging nettle has been documented in Austria [6, 9, 11, 13] . In veterinary medicine, stinging nettle is recommended to increase urinary flow during bacterial and inflammatory diseases of the urinary tract, and as adjuvant treatment in rheumatic complaints. Stinging nettle herb shows mild antihypertensive, analgesic, local anaesthetic, antiphlogistic, antirheumatic, and diuretic properties [27, 28] . On average, the dosages reported by the farmers were higher for pigs and cattle and lower for hens than recommended in veterinary and human medicine; however, doses given to horses were comparable to recommended veterinary and human dosages (table 3) .
Coffee (Coffea arabica L.)
The farmers brewed coffee to treat gastrointestinal disorders, metabolic dysfunctions, infertility, and diseases of the female genitalia. In 7 homemade herbal remedies they added schnapps to the coffee. In Austria and Swiss Safiental, the application of coffee, with or without schnapps, was documented for similar traditional uses [6, 9, 11, 16] . Coffee beans contain purine alkaloids, mainly caffeine, and theophylline as a minor
